Thirty patients received morphine and 27 received ketamine. Morphine anaesthesia did not influence plasma concentrations of luteinizing hormone (LH) significantly, but there was a significant increase during ketamine anaesthesia. Plasma LH increased in the early stage of surgery under both anaesthetics. A significant decrease in the plasma concentration of testosterone was found during and following both techniques of anaesthesia, the lowest concentration being detected on the first day after surgery. Ketamine anaesthesia, but not morphine, stimulated adrenocortical function significantly. Further stimulation was detected in the periods during and after operation with both anaesthetic techniques.
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SUMMARY
Thirty patients received morphine and 27 received ketamine. Morphine anaesthesia did not influence plasma concentrations of luteinizing hormone (LH) significantly, but there was a significant increase during ketamine anaesthesia. Plasma LH increased in the early stage of surgery under both anaesthetics. A significant decrease in the plasma concentration of testosterone was found during and following both techniques of anaesthesia, the lowest concentration being detected on the first day after surgery. Ketamine anaesthesia, but not morphine, stimulated adrenocortical function significantly. Further stimulation was detected in the periods during and after operation with both anaesthetic techniques.
Much attention has been paid to the adverse effects of anaesthesia on the sex hormones in man Oyama, Maeda and Kudo, 1975) . However, there are no reports regarding the effects of morphine and ketamine anaesthesia. The present study was undertaken to investigate this aspect.
METHODS
Fifty-seven male patients, in the age range 16-77 yr were studied after having given informed consent. None had a history of endocrine disease, or of hepatic or renal malfunction. They were divided into four groups: groups I and II each comprised 15 patients who underwent abdominal or minor nonabdominal surgery under morphine anaesthesia. Group III comprised 20 patients who underwent ketamine anaesthesia alone for at least 45 min. Group IV comprised seven patients who underwent ketamine anaesthesia alone for periods of 3-20 min (mean 9 min). For all patients surgery started at 9.00 a.m. to avoid the diurnal variation of plasma concentrations of hormones. The physical status of these patients was ASA classification I and II. Premedication consisted of pentobarbitone 100 mg given orally, and pethidine 35 mg i.m. and atropine 0.5 mg i.m. In groups I and II anaesthesia was induced with morphine 1 mg . kg" i.v., and tracheal intubation was performed following the injection of suxamethonium 40 mg i.v. Anaesthesia was maintained with nitrous oxide 3.5 litre. min" 1 in oxygen 1.5 litre.min" 1 , and tubocurarine was given for muscle relaxation when required. No supplementary dose of morphine was given. Ventilation was controlled or assisted throughout the procedure. The weight and age of the patients and the type and duration of surgery are shown in table I. Anaesthesia without surgery continued for 30-45 min.
In groups III and IV anaesthesia was induced with ketamine 2 mg. kg" 1 i.v., and tracheal intubation was performed following the injection of suxamethonium 40 mg i.v. Anaesthesia was maintained with nitrous oxide 3.5 litre.min" 1 in oxygen 1.5 litre.min" 1 and tubocurarine was given for muscle relaxation when required. Supplementary doses of ketamine 1 mg. kg" 1 body weight were given when necessary. Ventilation was controlled or assisted throughout the procedure. The average duration of anaesthesia was 3 h 53 min, and the amount of ketamine used during the procedure averaged 0.030 ing.kg" 1 min" 1 for group III. The corresponding figures were 4 h 9 min and 0.028mg.kg" 1 min" 1 in group IV. The patients' weight and age, type and duration of surgery are shown in table II.
Blood sampling times were: (1) immediately before the induction of anaesthesia; (2) on three occasions during 45 min of anaesthesia alone; (3) on four occasions during the surgical procedure; (4) in the recovery room when the patient had awakened adequately. Seven millilitre of venous blood was withdrawn on each occasion. The plasma was (-20 °C) until the concentrations of hormones could be determined. The plasma concentration of luteinizing hormone (LH) was determined by double antibody radioirnmunoassay, using the LH kit of Daichi Radioisotope Co., Ltd (Yoshimoto, 1973 ), similar to that described originally by Midgley (1966) . The results are expressed as milli international units miu.ml" 1 , and the between-assay (interassay) coefficient of variation was 6.8%.
Plasma testosterone was determined by radioimmunoassay, using a testosterone antibody provided by Dr Nugent of the United States (Furuyama, Mayes and Nugent, 1970) by using 3 H-testosterone. The recovery by this method was 78.3 (± SD 6.5)%. The plasma cortisol concentration was measured by Rudd's method using a spectrofluorimeter (Rudd, Sampson and Brooke, 1963 ) and the recovery rate was 101-106%.
RESULTS
Plasma concentrations of LH did not change significantly during morphine anaesthesia alone compared with the control value of 12.9 (± SEM 1.9) miu. ml" 1 in abdominal group I. There was a peak (144% of the control value) at 15 min after the start of surgery, followed by a gradual decrease almost to the control value 60 min after the start of surgery (table III) . No important change was noted during anaesthesia alone or during minor surgery in group II. Plasma LH was significantly greater during abdominal surgery in group I than during minor surgery in group II ( fig. 1 ).
Plasma LH increased significantly to 145% of the control value at 45 min after the induction of ketamine anaesthesia in group III and reached a peak (159%) at 15 min after the start of surgery, decreasing almost to the control value at 2 h after the start of surgery. In group IV (mean duration of anaesthesia about 249 min) plasma LH increased significantly to 156% of the control value during the first 30 min of surgery (table IV, fig. 2 ). The mean plasma testosterone concentration decreased significantly from the control value of 489 (+ SEM 43) ng/100 ml to 81% and 69% respectively at 15 min after the start of morphine anaesthesia and at 15 min after surgery in group I. A further significant reduction in plasma testosterone concentration continued on the 1st day after surgery (26%). The plasma concentration of testosterone (59%) on the 7th day after operation was still less than the control value (table III) . It was significantly less during surgery in group I (abdominal) compared with group II (minor) (table III). The plasma concentration of testosterone decreased significantly to 83% at 15 min after the start of ketamine anaesthesia, and decreased during surgery in both groups III and IV (tables III and IV).
The mean plasma cortisol concentration did not change significantly during morphine anaesthesia alone for 30 min compared with the control value of 12.7 (± SEM 1.4) fxg/100 ml in group I (abdominal surgery). However, it increased significantly by 49% of the control value at 15 min after the start of surgery and to 266% in the recovery room. In group II (minor surgery) the plasma cortisol concentration did not vary signincantiy during anaesthesia or surgery (table III) . It was significantly greater during surgery in group I (abdominal) compared with group II (minor) ( fig. 1 ). Plasma cortisol concentration increased significantly to 164% of the control value at 45 min after the induction of ketamine anaesthesia, and increased further during the surgical procedure, the maximum increase being 272% in the recovery room (table IV) .
DISCUSSION
The increase of plasma LH during surgery appears to correlate with the magnitude of the surgical stress. The increases in plasma LH concentration during abdominal surgery under morphine anaesthesia were less than that associated with Althesin anaesthesia (Aono et al,, 1972; Maeda et al., 1972; Oyama, Maeda and Kudo, 1975) . Furthermore, no appreciable change in plasma LH was found during minor surgery.
Long-term administration of morphine is known to be capable of depressing sexual function (Cicero, Bell et al., 1975; Cicero, Meyer et al., 1975 Mendelson, Mendelson and Patch, 1975) . However, no report has been published concerning the effect of short-term administration. LH from the pituitary gland stimulates the synthesis and secretion of sex hormones including progesterone, testosterone and oestrogens. Morphine anaesthesia alone for 30 min did not change the plasma LH concentrations. This is in contrast to the inhalation anaesthetic agents, such as halothane which causes an increase of plasma LH Oyama, Maeda and Kudo, 1975) . The effects of morphine on LH in this study are considered to be attributable to the depression of pituitary LH secretion. Ketamine anaesthesia alone for 45 min increased the plasma LH concentrations by one-and-a-half times the control value. Increased plasma LH concentrations during ketamine anaesthesia alone and the early phase of surgical stress constitute a response similar to that observed during surgery under thiopentone or halothane anaesthesia (Aono et al., 1972; Maeda et al., 1972; Oyama, Maeda and Kudo, 1975) . Our findings suggest that ketamine stimulates the secretion of LH from the pituitary gland.
The increase in plasma LH concentration occurred earlier during the surgical procedure when the duration of ketamine anaesthesia alone was short ( fig. 2 ). This would indicate that the surgical stress itself is a stronger stimulus to the secretion of LH than are either ketamine anaesthesia alone or other anaesthetics Oyama, Maeda and Kudo, 1975) .
The decrease of plasma testosterone concentration during ketamine anaesthesia alone and during surgery followed a course similar to that following other anaesthetic agents such as halothane and thiopentone (Oyama, Aoki and Kudo, 1972; Oyama and Kudo, 1972) . The magnitude of the decrease of plasma testosterone concentration during surgery appeared to correlate with the likely surgical stress in our study. Matsumoto and colleagues (1970) and Nakashima and others (1975) observed similar findings during surgery and in the period after operation.
Morphine and ketamine appear to reduce plasma testosterone concentrations by suppression of testicular function. This prolonged depressive effect lasted for at least 1 week in our study. Ether (Fariss et al., 1969) and barbiturates (Eik-Nes, 1962) were shown to have a direct inhibitory effect on testicular function in animals. Recently, Kripke and others (1976) found a toxic effect on the spermatogenic cells, with consequent reduction in mature spermatozoa by the 2nd day, among male rats exposed to 1 atmosphere of 20% nitrous oxide, 20% oxygen and 60% nitrogen. Hellman and others (1975) suggested that the depressed oestradiol production rate in male opiate addicts is the result of a diminished testicular testosterone secretion. Azizi and others (1973) and Mendelson, Mendelson and Patch (1975) also found that the plasma testosterone values of men receiving heroin or methazone maintenance therapy were significantly less than those of controls.
Our results indicate that low plasma concentrations of testosterone are accompanied by high concentrations of plasma LH. These observations suggest that there may be a diminished testicular sensitivity to LH during and following surgery, though an alternative androgen biosynthetic pathway of the testis may be present. From our findings it could be speculated that the decreased secretion of anabolic hormone might contribute to the catabolic response to anaesthesia and surgery, including that occurring during the period after operation. This effect was of longer duration than the effect on LH.
In contrast to other anaesthetic agents such as ether and halothane (Oyama, 1973) , morphine suppressed slightly the normal cortisol response to surgical stress in man. Morphine 1 mg. kg" 1 could not block completely the increase of plasma cortisol during abdominal surgery. George and others (1974) reported similar findings in patients receiving morphine 1 mg. kg" 1 for anaesthesia, although they found significant depression of the plasma cortisol following morphine, as compared with halothane, during abdominal surgery. They observed also that morphine 4 mg. kg" 1 i.v. did not affect the adrenal response to exogenous ACTH (25 units) during surgery. Accordingly, they speculated that morphine acts at the hypothalamic-pituitary level to inhibit ACTH release, thereby agreeing with the views of McDonald and others (1959) . Tolis, Hickey and Guyda (1975) , who administered morphine 10 mg i.v. in man, could not find any significant change in plasma cortisol. There is a possibility, therefore, that the adrenocortical response depends on the dose of morphine. Hellman and others (1975) observed that the production rates of cortisol, in two opiate addicts who were receiving maintenance therapy, were in the low-normal or subnormal range. There was a several-fold increase upon withdrawal, with a subsequent decrease to normal values after a period of abstinence. Ketamine anaesthesia increased plasma cortisol concentration significantly, confirming our previous study (Oyama, 1973 
SUMARIO
Treinta pacientes recibieron morfina y 27 recibieron cetamina. La anestesia de morfina no innuendo en forma significativa a la concentration de hormona luteinizante (LH) de plasma, pero hubo un aumento significativo durante la anestesia por cetamina. Hubo un aumento de plasma LH en los momentos iniciales de cirugia bajo ambas anestesias. Se descubrio una mengua significativa en la concentraci6n de testosterona en la plasma durante y siguiendo ambas tecnicas de anestesia, la menor concentration siendo descubierta en el primer dia despues de la intervention quirurgica. La funcion adrenocortical fue estimulada significativamente por la anestesia por cetamina, pero no por la morfina. Tambien se descubrio un estimulo en los periodos durante y despues de la operation con ambas tecnicas anestesicas.
